REMARKS 



Pending Claims 

Applicants respectfully submit that all issues raised in the Office Action are fully 
addressed by the remarks below and that the claims are in condition for allowance. 

Claims 1-10 are pending in the application. No claims have been amended. 

Response to Rejections Under 35 USC 102(e) 

Claims 1-8 and 10 were rejected as being anticipated by Kong, Advanced Materials, 
Vol. 13, No. 18. 1384-1386, September 14, 2001 ("Kong") as evidenced by Collins, Physical 
Review Letters, Vol. 86, No. 14, 3128-3131, April 2, 2001 ("Collins_l"). Applicants 
respectfully submit that Kong does not teach each and every element of the claim 1. 
Specifically, Kong does not disclose a "nanostructure being at a temperature of at least 100°C" 
as recited in claim 1. Note that Applicants' claimed structure includes two elements that are at 
different temperatures, specifically the nanostructure and substrate. Localized heating of the 
nanotube only allows operating a nanostructure sensing device with very little power 
consumption comparing to traditional macroscopic heating methods used for sensors. Thus, two 
elements having different temperatures create a temperature gradient within the device. This is a 
structural limitation that is not met by Kong. Moreover, Applicants respectfully submit that 
Collins_l, which addresses an unrelated application of nanotubes, provides no evidence that the 
sensing device in Kong's disclosure meets this limitation. Indeed, Collins_l provides no 
evidence that the structure of Kong is even capable of meeting this limitation. 

Kong describes using palladium coated carbon nanotubes for hydrogen sensors to be 
operated at room temperature. The reference states that hydrogen molecules dissociate into 
atomic hydrogen on palladium surfaces at room temperature , (p. 1385, left column, last <][). 
The atomic hydrogen then dissolves into the palladium coating and causes electrons to transfer 
from palladium to the carbon nanotube reducing conductivity of the nanotube. Kong indicates 
that the nanotubes modified with palladium exhibit significant electrical conductance modulation 
upon exposure to small concentrations of hydrogen and "these advanced sensing characteristics 
are obtainable at room temperature ." (p. 1385, right column, f 2). After disclosing the test 
conditions and process details, Kong concludes that "[t]he Pd-SWNT sensors have good 



Application No.: 10/655,529 



2 



sensitivity and reversibility at room temperature ." (p. 1386, left column, % 1). In the 
summary section, Kong yet again repeats that "[t]he nanotube based sensors exhibit high 
sensitivity, fast response and reversibility at room temperature ." (p. 1386, right column, 
ID- 

Clearly, the entire discussion in the reference is directed to the sensor and the nanotube 
operating at room temperature. There are no indications in Kong that a similar dissociation 
process, sensing characteristics, fast response and reversibility are possible at any other 
temperature. Moreover, it is known that the temperature has significant effect on the sensors 
performance, and it is improper to conclude that the sensor designed for one temperature will 
perform the same at different temperatures. Overall, Kong does not teach at least a 
"nanostructure being at a temperature of at least 100°C," as recited in claim 1. 

Moreover, Collins_l does not provide any evidence that Kong's disclosure includes a 
"nanostructure being at a temperature of at least 100°C." Collins_l explores the limits of high 
energy transport, i.e. passing the electrical current, in multi- walled carbon nanotubes (MWNT) 
to overcome electromigration problems in circuit lines that use conductive metals. To the 
contrary, Kong discloses a sensor using palladium-modified single-walled carbon nanotubes 
(SWNT), specifically "Pd particles decorating the sidewall of the SWNT." (p. 1384, right 
column, %3). It should be readily apparent that MWNT can not be decorated in the same way as 
SWNT. All inside shells of MWNT are shielded by the outmost shell and cannot be decorated 
by palladium particles. Moreover, analytes will be shielded from all inside shells of MWNT 
leading to insufficient changes of electrical properties of MWNT in response to analytes in 
comparison to a single shell of SWNT. Finally, SWNT will pass current and heat in a 
completely different manner than MWNT. MWNT has several conducting shells, SWNT have 
only one. The heating, and in particular, heat dissipation will occur in completely different 
manner for two structures, Therefore, Collins_l's disclosure pertaining to MWNT does not bear 
any evidence on modifications of Kong's SWNT. 

Collins_l also does not indicate that Kong's SWNT can be heated to 100°C. Collins_l 
only indicates that the complete breakdown of the tested MWNT occurred at about 300 jaW. (p. 
3130, right column, % 1-2), which was correlated to the peak temperature of 500-700°C. 
Nowhere does the reference indicate that a carbon nanotube was heated up to at least 500°C 
before the breakdown occurred or that a carbon nanotube is "capable of being at a temperature of 
at least 100°C." Indeed, Collins_l indicates that the MWNT thinning corresponding to losses of 
individual shells occur much earlier than the point of complete failure (p. 3130, left column, <|[2), 
indicating that thermal degradation occurs at temperatures lower than 500°C. Collins_l also 
Application No.: 10/655,529 3 



points that while the entire MWNT may pass about 180 \iA the breakdown of each shell 
corresponds to only about 12 jaA. (p. 3130, FIG. 3b). Collins_l confirms that "unlike MWNTs, 
SWNTs fail in a single, featureless step." (p. 3130, right column, \2). Therefore, Collins_l 
analysis of the power transmission through a MWNT consisting on 10-25 shells (p. 3130, FIG. 
3a) is simply not applicable to Kong's SWNT in general and operability of Kong's Pd modified 
SWNT sensor at elevated temperatures in particular. 

Finally, Collins_l's disclosure that MWNT may heat from passing the electrical current 
and fail when the electrical power exceeds a certain threshold values does not bear any 
relationship nor provide any evidence that Kong's sensors using palladium plated SWNT may be 
heated to 100°C. The two references describe different and unrelated physical phenomena: 

Kong indicates that the palladium coating helps to dissociate and dissolve hydrogen 
resulting in electron transfer between the coating and SWNT and increasing 
conductivity of the SWNT. 

Collins_l shows that MWNT heat up and fail when high electrical power is 
transferred. 

Applicants also traverse the contention that the limitations relating to temperature are 
functional rather than structural limitations. Rather, they are limitations that further describe the 
structural features and require a structure having two elements that are at different temperatures. 
Moreover, even if one were to consider them "functional" language, functional language that 
further limits a structure composition already defined in the claim is permissible and should be 
given patentable weight. See, e.g., In re Swinehart, 169 USPQ 226, 228 (CCPA 1971). 

Response to Rejections Under 35 USC 103(a) 

Claims 1-6 and 9 were separately rejected as being unpatentable over Collins, Science, 
Vol. 292, 706-709, April 27, 2001 ("Collins_2") in view of Simon, Sensors and Actuators, Vol. 
B73, 1-26, 2001 ("Simon"). Applicants respectfully submit that neither Collins_2 nor Simon 
does not disclose at least "a nanostructure sensing device", a "substrate being at a temperature of 
less than 100°C", and a "nanostructure being at a temperature if at least 100°C." Moreover, 
Collins_2 teaches away from the claimed combination. 

Collins_2 discloses a current-induced electrical breakdown method to remove individual 
shells of multi- walled nanotubes in order to tailor the electrical properties of the nanotubes. 
Collins_2 does not mention any sensor devices. Applicants respectfully submit that the Office 
Action inappropriately states that "Collins discloses a nanostructure sensing device" by pointing 
to FIG. 1 and related text. FIG. 1 contains three separate figures. FIG. 1A shows a partial 
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electric breakdown of a multi-walled nanotube at constant voltage stress, while FIG. IB and 1C 
show images of partially broken multi-walled nanotubes and single-walled nanotubes indicating 
thinning of the nanotubes. Neither the figures nor the corresponding text disclose any sensing 
devices. Nowhere does Collins_2 even remotely suggest that carbon nanotubes may be 
configured as sensing devices. 

The Office Action then states that Collins_2's FIG. 1C teaches "substrate being at a 
temperature of less than 100°C", and a "nano structure being at a temperature if at least 100°C." 
Instead, FIG. 1C only shows thinning of the single- walled nanotube stack where some single- 
walled nanotube ropes were broken. The reference does not mention any specific temperatures 
at which such breakdown may have occurred. Applicants searched for any indication that "the 
thinning process involves a step of heating the SWNT ropes up to at least 500°C before thinning 
occurs" but was unable to locate such disclosure in the cited references. Applicants respectfully 
request that if the Office to point any argued citation with particularity. Moreover, neither 
Collins_2 nor Simon does not specifically indicate that the substrate temperature may differ from 
the nanostructure temperature. For example, Simon teaches away from this limitation by 
indicating in FIGS. 7-8 that the heater is "buried" within the insulation layer that supports the 
sensing element and conducts the heat to sensing elements. Overall, Collins_2 does not teach the 
above cited language of claim 1 and does not provide any teachings or suggestion that carbon 
nanotubes, in the context of its disclosure, could be used as sensing devices. This deficiency is 
not cured by Simon, which discloses only large scale gas sensors that don't use nanotubes and 
employ electrical currents and heating powers that would be destructive to Collins_2's 
nanotubes. 

Further, Collins_2 teaches away from the combination. Collins_2 teaches removal of 
shells from the multi-walled nanotube and breaking single-walled nanotube ropes in the single- 
walled nanotube stack. The breaking of the shells starts with the outermost shell of the multi- 
walled nanotube. (p. 706, left column, \2). The resulting structure after the breaking has 
occurred is illustrated in FIG. 2B. Therefore, any coating or functionalization with an agent on 
the nanotube will be removed together with the outermost carbon shell leading to an inoperable 
nanostructure sensing device. Similarly, using a stack of single-walled nanotubes will lead to 
complete destruction of some single- walled nanotube ropes. Such broken ropes will not be able 
to interconnect the two conductive elements similarly leading to a fully or at least partially 
inoperable sensing device. Overall, Collins_2 describes destruction of the nanotubes and teaches 
away from the claimed combination. 
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In view of this, Applicants submit that the claims are patentable over the combination of 
Collins_2 and Simon. Withdrawal of the section 103 rejections of all claims is respectfully 
requested. 

Conclusion 

In light of the above remarks and amendments relating to the independent claims, the 
remaining dependent claims are believed allowable for at least the reasons noted above. 

Applicants believe that all pending claims are allowable and respectfully request a Notice 
of Allowance for this application from the Examiner. Should the Examiner believe that a 
telephone conference would expedite the prosecution of this application, the undersigned can be 
reached at the telephone number set out below. 

The Commissioner is hereby authorized to charge any additional fees, including any 
extension fees, which may be required or credit any overpayment directly to the account of the 
undersigned, No. 50-4480 (Order No NANOP001). 

Respectfully submitted, 

Weaver Austin Villeneuve & Sampson LLP 

/Denise S. Bergin/ 
Denise S. Bergin 
Reg. No. 50,581 



/Vladimir Gusev/ 
Vladimir Gusev 
Reg. No. 59,689 

P.O. Box 70250 
Oakland, CA 94612-0250 
(510) 663-1100 
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